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Vr.-J.le  drying  is  the  oldest  fom:  of  food  preservation,    it  has  heen  repla'ced  'to' 
a  great  extent  liy  caniiing  end.  freezing  as  a  world  vdde  method.      At  the  tj  re  sent  time, 
hcv/ever,    ov/ing  to   vra.r  conditions,    it  has  again   talcen  its  place. as  an  important 
industry,      ilhere  are   several  veil  defined  reasons  for  this:      where  traJQsportation 
is  a  protilen,    dried  food  has  decided  advantages  toth  us  to   weight   and  "oulk  ever 
canned  or  frozen  food;    \^th  little  or  no    tin  available  for  use   on  food   containers, 
dried  food  has  another   advantage  in  that  it   can  be  packed  in  containers   coLiposcd  of 
netcrials  that   are  practically  unrestricted  as   to  use. 

During  the  Jirst  V.'orld  '/ar  considerahle  dehydrated  food  v;as   sent   abroad.      Much 
of  it  v.'as  poor  in  quality'';    consequently  the   efforts  ma.dc   to   establish  this  food  as 
a  part  of  the   civilia-i  diet  net  with  little   response.      In  addition  to  poor  quality, 
the  dried  product  had  to  be- reconstituted   slowly  and  v;as  at  a  decided  disadvantage 
in   the  hoac  in  competition  vrith  a  canned  product  which  required  only  opening  of  the 
cm  and  heating, 

'.fhen  the  present   enc-'goncy  v/as  first  ajiticipated,    dehydration  investigations 
were   again  in.i tidied.     An  order  v;as  issued  by  the  Chief  of  the  Bureau  of  Agricultural 
Chemistry  rjid  Engineering  creating  an.  Executive  rJid  Opera,ting  Committee  on  Dehydra- 
tion and  instracting  that   committee   to   formulate   and  prosecute  a  program  of  rcsca,rch 
for  the  purpose  of  improving  dehydrators  and  dehydrated  food  products.     Active  \^!OTk. 
ijj-idcr  this  program  was    started  ep.rly  in  the   summer  of  1941,      It  has   consisted  of 
engineering  studies  of  the  existing  types  of  driers  and  of  -/ays  and  meaiis  for  their 
improvement;    surveys  to   determine   the  more   concentrated  areas  of  vegetable  produce    , 
tion;    studies  of  the   effects  of  processing  on   the   chemical   constituents  and  the 
.^ihysical   character  cf  the  fraits  ?iid  vegetables;    and   studies  of   storage  and- packag- 
ing problems. 

It   scon  developed   that   a  ln.rge  part  cf  the    Conmittec' s  time  ^ir^uld  be  t'^kicn  up 
in  answering  corres"pondonce  nxid  meeting  persons  interested  in  dehydration  problems. 
yiDT.y  visitors  merely  had  personal   schemes  v/liich  they  wanted  the   Government    to 
finance;    out   some  v/ere    serioi^sly  considering  the  general  problems  incident   to   large- 
scale  production, 

\Vhcn  the  v/ork  began,    most  of  the  vegetable   pjid  fruit  dehydration  v;as  being 
co,rried  out  on  the  Pacific  Coast,      A  large  number  of  fruit  driers  for  prunes  fUid 
raisins,    and  also    some   for  apples   and  hops,    had  been  operating  in  their  respective 
fields  for  years.     Although  most  of  these  drying  plrrits  v;ere  in   locations  where 
truck  crops  v.^ere   ab-iindaiit,    not   all  of  then   could  be  economically  adjusted  to   dry 
vegetables.      Some  ha,lf  dozen,    hov;ever,    have  been   so   altered  ,?nd   are  now  operating, 
one  plant  having  handled  a  himdrcd  tons  of  cabbage  every  24  hours  for   several  montha 
In  addition,    there  were   four  vegetable  dehydrators  capable  of  handling  a  considerable 
daily  tonnage.      Two  of  these  v;ere  drying  miscellnjieous  vegetables  to  be  used   largely 
in   soup  m.ixtures;    the  other  tv;o   v;crc  drying  onions  riid  garlic  almost   exclusively. 
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OpGrations  on  this  t:/-jc  in  1943^^produccd  botwoen  5,000,000   ,-jid  7,000,000   lbs.    of 
cloh^drratGcL  products, 

liThcn  it  'bocaine  apparoiit   th;^t   there  '-rould  be  a  doinrixLfor  dried  YGgctr.hios  far 
in  excess  01   the   capo-citv  to  produce  vdth  the  present   set-up,    a  large  ntinbcr  of 
enterprising  pooplc  v/na.ted  to    ch-?;.igc  over  their  existing  facilities  or  erect  new 
driers.      Fortunately,    there  v;ere   several  factors  tendin,;:  to   hold  this   entimsiasn  in 
check,    or  there  would  have  been  nore  installations   thrai  the  present   force  of  trained 
operate rs  could  hnmdle.      A  ccrto.in  rxio-o-it  of  restricted  nctals  is  necessary  in  any 
dohydrator,    and  each  plant   also  has  to   have  adequate  vegetable  prepar.nticn  machinery 
bcfore.it   can   start.      The   lo.tter  rcq_uirenent  is  usually  difficult   to  neet,    which  is 
one   reason  v;hy  cai^ncrs  already  h-aving  preparation  cquipr.ient   ?,rc  in  a  better  position 
to   enter  the  dehydration  field  tha:i  nany  others. 

It  nay  not  be  out   of  place  to  briefly  list   the   conditions  oJid  practices   reqtd.]>- 
od  for  operation  of  a  dr'i-ng  plrr:t,    and  to  •vrosont   some  of  the  problens  involved, 

ITaturally,    the  first  necessary  precaution  is  to   locate  in  a  district  whore 
there  is  oX-  abundaiicc  of  vegetables.      Our   survey  tables  r~A  najis  idll  help  in   solv- 
ing t}:is  problcn,    b\it  it  nust  be   rcnenbcrcd  that  not  all  varieties  of  vegetables 
arc   suitable  and  that   the   sfjic  varieties  grovrn  in  different   regions  do   net   always 
give   the   srxic   q'U-ality  of  finished  product.      Usually  quick  grovang  succulent  vege- 
tables are  not   the  best   for  dr^/ing.      One  advantage  in  locating  in  a  truck  crop  area, 
in  addition  to   the  norc  obivious   ones,    is   that    short  hauls  .and  quick  ha::dling  are 
inpcrtpnt   factors  in  ascorbic  acid  or  \'lt.niiin  C   retention.      Leafy  vegetables, 
os^iecially,    lose   their  ascorbic  acid  very  quiclcly  ti-fter  harvesting.      Therefore,    the 
dried  product,    if  properly  handled,    lias  a  distinct   advar-tagc  over  the   fresh  product 
vrhich  h-a,s  been  harvested  for   several  do.ys  before  it   reaches  the  housewife,      Ifccre 
care  is  taken  in  dchyri.ration,    the  product  will   crry  nore  vitpiiins  to    the   consumer 
than,  the  avern,ge  fresh  product  T)rocured  in  the  food  markets.      The  advantages  of 
rapid  h^arvcsting  md  hauling  to   the  drier  cm,    cf  course,    be  lost  by   slov/  or  ii".ipro- 
per  preparation  and  dri"l:ig. 

Thorough  washing  is  essential  and,    as   soon   as   the  vegetables  are  pared  or  cut, 
they  should  be  blpnched.      (One  exception  should  be  noted  -  onions  are  rarely 
blanched.)      If  pny  delay  occurs  at   this  point   in  the  operation,    the  material   should 
be  hold  in   ccld  vra.ter,    or  better,    in  a  1  or  2  per  cent   salt    solution. 

There  arc   several  t^'pes  of  blancliing,    stcai".!  cr  hot  water  being  most   comj.ionly 
used.      Some   authorities   suggest  a  series  blanching  in  hat  v;ater   (that  is,    the  water 
is  kept  hot  rnd  used  for  successive   lots  of  materials.)      They  rocc'mi.iend  that   the 
concGntr.'\tion  of  vegetable   extractives  in  the  vrater  be  kept  at   1  to  5^  3rix,    depend- 
ing upon  the  kind  of  vegetable,    by  adding  fresh  water  continuously  or  from  tine   to 
tine.      The  Dehydration  Comnittcc  favors   stem  blr^jiching,    O'ving  to   the  higher  vitamin 
retention  and   to  the  fact   that  the   qu^ality  of  v/ator  for  blancliing  nay  vary  in  differ- 
ent *p— i-ts  of  the   country.     All^aline  v/ater  and  that   containing  excessive  auounts  of 
some   salts  vail  injuriously  affect   the   final  product.      Blanchers  nay  be   either  batch 
or  continuous  in   t^poe.      IJhero   cabinet  driers  are  used,    the  blanching  can  be  done  in 
the   cabinet   just  before   the  drying  starts.     A  common  error  in  blanching  is  to   over- 
load  the  trays  or  belt,    resulting  in  -andcrblraiching  s.  v^art  of  the  n.aterial.      If  the 
blanchJ.-ng  is  not  done  on  the    trays,    the  blanched  material  has  to  be   transferred  to 
then  and  again   the  precaution  ;'\ust  bo   taken  not   to   overload. 

After  blanching,    the  dr^i-ng  process  begins,      Yita-iin  losses  here  vo.ry  v/ith  the 


methods  and  the  data  obtained  yxo  to   tliis  tine  are  not   conclusive.      However  T&'hlo  3 
shov/s  the  vitanin  content  of   sajnc  froahl--  dried  vo^otalDlcs  -.roducod  in   a  co-anter- 
flow  air-blast   tvjincl. 


\ 

\ 


T-onnol  t;-pe  driers  can  bo  parallel,    oo-.-jiter,    centei--c:cha;ast   or  cross  flow.      In 
parallel  flow,    the  air  current  novos  in  the   s,"J-:e  diroction  as  the  material,      ^^he  hot 
air  enters  at   the  vet,  end  and  is  rer.oved  at   the  dry  end  so    tr^at   the  fresh  material 
is  in  contact   v/ith  the  hottest  and  driest  air;    this  is  idoal-.-      The  dry  end,    hovrevcr, 
is   in  contact  not  only  with  the   cooler  air  current  but   also  vdth  a  r.iorc  or  less 
■saturated   current,    v:hich  is  not  idor^^.l        •  • 

Table   1  -  Losses  in  Ascorbic  .^cid  Hesultinf,:  from  Stear:  and  I'.'ater  Blanching-.  ( 6lide   l) 


Comnodi  ty 


Ascorbic  Acid  (Moisture-free 
basis)  mg./lOG    nns. 


Loss 

_   'A   _  _ 


Kale  -   Steam  Blanched 
"     -  V'ater  Blanched 


5«F^] 


•^^jBeets  -   Steam  Blanched 
^  "        -  Water  Blanched 


52     Potatoes,    ^fnite  -   Steam  Blanched 
e.e  "  "       -  Water  Blanched 


^      Cabbage  -   Steam  Blanched 
^  II  _  Water  31anched 


Kav; 

Blanched 

909 

730 

753 

425 

52.2 

44.5 

45.4 

28.8 

35.5 

27.5 

34.7 

21.7 

385 

331 

398 

193 

19.7 

43.6 

14.8 
36.5 

22.5 

37.5 

14.1 

51.5 


Table  2  -  Loss  of  Ascorbic  Acid  in  Vrnite  Potatoes:      Steam  Blanched, 

Water  Blanched,    and  W.iter-Serios  Blanched.  (Slide  2) 


Treatment 


Ascorbic  Acid 

Loss 

nss./lOO 

sms. 

i 

7.7 

7.0 

9.1 

6.5 

14.3 

5.2 

32.5 

3.1 

59.8 

5.1 

33.8 

5.5 

23.6 

4.9 

36.4 

4.9 

36.4 

Raw 

Steam  Bla,nch.  -  4  minutes 
"  "  -  8  minutes 

Water  Blanch  - 

10  xjarts  -'ater,    1  part  potatoes 
Water  Blench  — 

20  parts  v.'ater,    1  part  pota.toes 

Series  Blanching: 

After  first  use  of  vrater 
"        third     "        "        " 
"        sixth     "        "        " 
"        tenth     "        "        " 
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Taole   3  -  Vit-.j/Lin  Contents  of  Ircsiily  Dried  Vogotp.^les   (calcul\tcd  oii  dry  lo^.sis) 

(Slide  3) 


Ascoroic  Acid     Shinxiir.  Ei"Doflr^,vin       Ccarotenc 

Gomodity Troatnont  r.g./lQO   g-.is.      ng. /lOO   .=xis.   ng./lOG   g:-:3.      n^.;./lOO  ms. 


Cp.'b'bago 

iConc 

369 

0.57 

Co.'b'bage 

Blpiich-cd 

354 

0.63 

Spinacii 

ilone 

155 

- 

Carrots 

Blanciicd 

- 

0.39 

S\ircet  Pot; 

=:^.toos 

10  r.iin.    cook 

26 

0.15 

\irhite  1-0 1, 

atocs 

20  nin.    c 

:ook: 

14 

0.44 

0.6S 

— 

0.83 

-    -■ 

- 

46 

0.38 

140 

0.37 

19 

0.26 

'  ^ 

In   coM:-;tor-ilow  driers,    these   conditions  arc   rcv-.rso.      -he  hottest   and  driest 
air  cn-cers  at   the  dry  end,    v/hilc  the  v;et   end  is  in  contact  vdth  the   cooler  rxid. 
p-^rtly  saturated  air. 

Both  of  these   types  are  'b::ins   superseded   o'/  the   ccntcr-cxlipust   tjrpe,    where   tv/o 
strerj.is  of  air  are  used,    each  ;.iovin£  fro:-.i  paid  end  tov/ard   the  center  of  the  dchydra- 
tor.      In  this  v;ay  each  half  is   scr.icwhat   independent  of  the  other.      Usually  a  parti- 
tion of  cpiivas   or  other  Material   separates  the   ti-ro   ends  and  is  renoved  only  when 
the   trades  arc  r.ioved  fon-zard.      This  t^-'pc   .affords  oxToort'onity  to   rcg'alo-tc  toi:ip creature 
r'j.id  hui.'idit;'-  in  each  half  nr/d   cones  nearer  to   :-j,lving  ideal  conditions  in  each  end. 

In  cross  flov;  tjrjcs,    the    air  dIows  across  the   trays   "uid  is  recirculated   to 
other  trays,  that  is,    each  truckload  of  trays  in  effect  'becoT.ics  a  cahinct  hut  mth 
unir.pcdcd  ..lOvenent' of  the   trucks.      Caoinet  driers  are   sin^-lc  conpartr.ients  or  a  series 
of  conpartr.cnts.      They  afford  opportunity  to   rc^alate   tcnperaturo   :^.nd  hv-.iidity  dur- 
ing the  drying  vdth  nxi  ease  not  ootaincd  in  other  t"';j:)Os. 

Drying  tir.ics  differ  ^dth  heat,    :'.ir  flov;,    tray  Ic  ding,    etc.      The   rocoauendation 
of  the   Co;x;:ittoc  has  "been  to  use  as  high  a  velocity  as  can  "be  attained   econooically, 
pjid   as  high  a  toupcrature  as  is  possible  vdthout    scorching  or  othen'Ase  irijuring  the 
flavor  of  the  product.      We   find  hettor  vita.dn   C   retention  in  hot   rapid  drying  than 
in   slower,    cooler  operation. 

Sor.ie  denydrators  follow  tne  plan  of  renoving  tncir  products  v/hile    still   too 
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v/et   to   store   (15   to   20  per  cent  moisture)    and  reducing  the   final  noisture  to   alsout 
5  per  cent   oy  drjdng  in   oulk  overnight.      The   Dins  in  v;hich  this  opero.tion  is  carried 
out   are   so   a,rranged  as   to  have  a  slow  draft  of  air  noving  through  them  at  a  tempera- 
ture around  110-120°  P.      A  few  hours  in  them  will   reduce   the  moisture    satisfactorilji 
After  drying,    the  vegetables  are  removed  from  the  "biais  -'ind  "packaged  vrhen  cool, 

ihe  Coi^miittee  recog-nizod   the   fact   that  packaging  is  one  of  the  inportyjit  phases 
of   the  dehvdrated  food  problem.     Manifestly"  it  is  of  no   avail  to  produce  ma,teria.l  of 
e::cellent   quality  and  then  package   it  in   such  a  way  as  to   limit  its   storage   life   to 
a  fev;  v/eeks.      Much  time,    thought  and  laoor  have  "been  spent  on  this  "ps-^"*^   ^^  ''^^s  work 
and  a  large  voliu/ie  of  data  has  "been  accuraulated,    too   large,    in  fact,    to   attempt   to 
treat  it   thoroughly  in  this  paper.      Only  the  high  lights  v/iil.oc   given  here,    cut 
very  shortl;''  it  is  hoped  that   a  farther  presentation  can  "be  made  in  a  separate  papcii 

V. 

A  consideration  of  vitajnin  losses  during  the  preparation,    drying  and   storage 
of  dehydrated  vcgeta"blcs  is  of  importance.      In   the   first  place,    treatment  of  the 
vegetaljlc   octwcen  the   time  of  harvest  and  delivery  to   the  dehydrator  determines  the 
vitamin  content   of  the   raw  product.      Losses  of  vitamin  C  are  greatest  during  this 
period.      Shcy  arc  especially  high  with  lea,fy  material  which,    on   r^tanding  over  night 
in  lug  "boxes,    will  lose  one   third  of  their  vit?min  C   content.      If  cut,    the   loss  Vfill 
be   greater,    and  if  stored  at   relatively  high  tcmr^eratures,    the   rate  of  loss  v/ill  "be 
higher.      There  is   some   loss  even  vrhcn   stored  at  40°   P.      Wc  have   records   from  poor 
storage  end  delays   showing  a  loss  of  over  tv;o-thirds  of  the  vitaniin  C  in  spins.ch  in 
24  hours. 

Carotene,    the  precursor  of  Yit-^zun  A,    is  more    stable  but  is  affected  'oy  light,     ^ 
The   carotene  of  carrots  is  highest  near  the  outer  layer  and  toward  the   louer  end,  so       f* 
that   light  dama,gc  may  bo   considerable.  ' 

Thicijiiin   (vitamin  3  x)   and   riboflavin  are  fairly  stable  on   short   s borage   of  the 
rav/  material. 

In  order  to  keep   this  paper  within  roasona.blc   limits,  .tab-i'es   shov/ing  the  field 
losses  arc  not  given.      Preshly  harvested  vegetables mry  greatly  in  their  vitamin 
contents,      "c  ha,vo  a  record  of  a  variation  in   spina,ch  from  adjacent   fields  of  from 
3  to   100  milligr-xis  per  IOC    ~r-ms,    determinations  being  made  within  2  hours  of  the 
harvesting.      Therefore   too  nuch  dcx-endencc  must  not  be  placed  on  published  data,  es 
to  vitniiin  C  content. 

After  drying,    storage  becomes  a  very  iraportant   factor.      Time     does  not  permit 
a,  lengthy  discussion  of  this  phase  of  the  problem.      It   can  be   shov;n,    however,    tiiat . 
losses  in  vitaiai:is,    palatability  and  color  occur  on   storage.      Storage   s3J.rolcs  used' 
here  v/ere  placed  in  sealed  7f2   y?nitary  cans,      V/here  inert  gas  v;a,s  used,    the   cans 
v.rerc   evacuated  in  a  va-cuum  can   closing  machine,    pjid  the  va.cuum  v/as  broken  twice 
with  the  g.as   to   be  used.      This  was  not  altogether  successful;    up   to   5  ver  cent  of 
ox^'gon  v/r.s  zovtA  in  the   crJis   on  testing  at   the   end  of  the  e:q'^eri.ments.      Hov/over, 
this   compares  favorably  vrith  the  amotuit  of  oxygen  found  in   comxiercial  paclcs  in 
nitrogen  or  c^rbon  dioxide.      VJe  have  now  improved  the  method   so   as  .to   leave  -less 
than,  one  percent  oxygen  in  the  paclcage.      But  data  on   the   results  arc  not   yet   avail- 
abls. 

Pa.latability  of  the   samples  v;as   scored  by  a  selected   jury,    the  members  of  which 
were   able   to  identify  replications  >dth  .accuracy.      The   spriples  were   reconstittited 
and  cooked.      Aroma  ?Jid   texture  tests  were  made  vrhilc   t"ne   jurors  v/ere  blindfolded. 


( 
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The  'blindfold  v^as  removed  and  the   sample  ngnin  tested,      The  n.vcragc  of  all   scores 
vjcis  recorded*        A  grade  of  1  was  excellent^    2  goo^,    3  fair,    4  v/ithout   odor  or  flavoi; 
Dut  lAdth  no     distasteful  quality,    ^nd  5  distasteful  or  disagreealDlc  odor  or  flavor, 

V/here   specifications  req.uire  pG,cl:ing  in  inert  gas,    the   flushing  of  air  out  of 
the   container  must  be   c.\refull7  ojid  thoroughly  carried  out.      Merely  thr^asting  the 
gas   tuhc   to   the  botton  of  the   caii,    leaving  it   for  a  few  seconds   -^nd  then  v/ithdrawing 
it   v;ill  locave  frou  5   to  7  per   cent  of  oxygon  in  the   container.      It  /.lust  be  voncuocv^ 
ed  that  botla  nitrogen  o.nd  carton  diO:d.dc  as   sold   contain  fror.  o/lO   to    l/2  per  cent 
of  oxygen.      With  c^rc   in  !:eeping  the  lid  as  far  as  possiolc  over  the  opening  of  the 
can  a,nd  moving  the  tuhe,    through  v;hich  the  gas  is  floxving,    ahout  in  tho   ca2i,    v;c 
have  been  ahle   to  keep   the   content   of  orc^'-gen  belov;  2  per  cent.      Tests  t>r  oxygen  in 
the   scaled   coil  should  not  be  made  until  24  hours   after  the   can  is   sealed. 

Color  records  given  in  the   tables  are  based  on  the  Munsell   color   scheme  as 
determined  by  Dr,    Charles  3.    Sr-r.do   alone,    so   that   tho  jersonal  equation  involved  is 
const.^jit.      Records  are   on  the   reconstituted   sai-iplos, 

Stora.ge  wa,s  at  90'-'   ?. ,    the   samples  "being  trJ^cn  at  4,    8   r»;id  15  week  periods 
when  it  v/as  ipossible  to   do    so.      In  addition  to   air,    carhon  dioxide,    nitrogen  aiid 
ox'jQcn  v.rere  used  on  identical   spioples;    oxygen  v;as  used  to    see  if  the  deleterious 
effects  of  o:>:2^dation  night  be  hastened  aiid  thus  afford  a  means  of  estimating  vrhat 
might   tajcc  place  on  prolonged   storage.      The  effect  of  'the  moisture   content  of  the 
sai'iples  on  their  keeping  quality  is  also    shov.rj3, 

(Tahlos  4   to   .7   incl. ) 

Starting  -dth  blanched   carrotc  having  .\  :-ioisturc   content   of  7,2  per  cent,    we 
find   tlir.t   after  8  v;ceks   storage  in  air  the  palata'bility  had  chrngcd  fro:i  good  to 
fair,    the  hue  had  chai^god  from  2,1  Yellovr*Ilod   to   3,    a-i"-d  the   chrom.a  ,and  ■brillirnce 
had  not  nateriallj'  ch-^ziged.      Carotene   content  had  dropped  from  140  milligrrms  per 
100  grrj-is   to  77  ugs./lOO  gms,,    a'.id  thiai-iii-  aiid  rihoflaA'in  had  not   ch.^zigcd  'dtliin 
the   limit   of  a:ial;''tical  error. 

The   samplers   containing  9,8  o;id  13.5  per  cent  moisture   shov/cd  progressive 
dot crio rati ori/palatability.      As  tho  m.oisture  was  increased  a  stage  v/:-.s   reached 
where   little  aroma  or  flavor  \ro.s  a.pparent.      Color  deterioration  v;as  not  great,    ho\\r- 
evcr,    riid  there  vraa  no   greater  loss  of  carotene  than  in   the   spj.iple  of  7,2^  moisture 
content. 

In   snJ-Tplcs   stored  in  nitrogen,    ev^n  vath  5  per  cent  oxygen   left   in  the   cons, 
there  was   less  deterioration  than  was   shovn"   ''o'j  air   storage.      The   lov;  moistxire   sai'.iple 
changed  froi-i  gcod  to   fair  in  palatahility,    -'nd  the  mediim  moisture   Grxvole  after  16 
weeks'    storage  had  not   changed  further.      The  high  moisture   s-ar-Vyle  was   soncvrhat   less 
palata'bl::   after   IS  v/oeks.      There  v;as   little,    if  ^JlIj,    change  in  or^i^  of  the   color 
tests.      Carotene  Ivad  held  hotter  thrnn  v;hore   tJio   carrots  wore   stored  in  air,    dropping 
from   140  mgs./lOO  ,t:s.    to   110-113  mg./lOO   ,ais. 

Stored  in   carbon  dio:dde,    the   low  :.:oisture   content    spiiple   shov;ed   little   change 
in   color  or  'palata'bility  after  8  or  15  weeks.      Carotene   losses,    howeva.T,    wore  great- 
er than  v/hcre   stored  in  nitrogen;    the -re  was  d.  drop  from   140  mgs./lOO   gas. 

In  ox2''gon,    as  I'as   to  ho   e;cpocted,    deterioration  was  r.ore  m.arked.      All   saniples 
hccrBo  flavorless;    there  was  narked   color  degradation;    rnd   the   carotene  w<as 
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prr'cticall7.  cli-dnr.ted,    droppirig  to   11,6  n^t^./lOO  gis,     . 

The   results  indicate   that  wlicn  paclcod  in  either  nitro/^on  or  carlDon  di02ddc, 
dehydrated  carrots  retained  their  flavor  to   a  fair  degree.      Packed  in  nitrogen,    the 
Crarotcno  retention  '/as   ribout   80  per  cent;    in  carhon  dioxide,    it  was  about   65  per 
cent,  ,    .        ,        .  .  

(Tables   3   to   11  incl.) 

Sp.riplcs  of  "blanched  cp.bbago  having  a  low  noisturo   content   (3.7  per  cent),    which 
v;ore   stored  in  air,    showed  a  little  color  change  in  8  -/eeks,    cond  only  slight  flavor 
changes  and' a  reduction  of  ascorbic  acid  froa  354  ngs./lOO  giis.  'to   230  n---is,/lOO  gr.TSi 
(65  per   cent   retention)    in  13   weeks.      There  was  no   loss  of  tliiai.un  or  riboflavin. 

Moisture   content  plays  a  greater  role  here  thru  in  the  case  of  carrots,    for  the 
8  per   cent  r;oir.turc   sa-iplcs   showed  definite   loss  of  co]-or  and  palat, ability,    and  a 
very  serious  loss     of  ascorbic  acid  (only  m^     11  per  cent   retention).      The   third    ^ 
set  of   snzrplcG,    having  a  noisturo   content   of  TO, 2  per  cent,    shovired   soi:cv/l"iat  r.iore 
deterioration  as   to   color  and  palataoility,    and  a  heavier,  loss  of. ascorbic  acid. 
All  data,  arc  on  16  weeks'    storage, 

\7hcro  nitrogen  v.-as  used,    there  \:a3  no   color  dctericr.ation,    although  poor   samp- 
ling resulted  in   scrje  uneven  data.      All   sar-iplos   lost  in  palatability,    becor.ing  taste- 
less.    Again,    the   soj.iplcs  v/ith  the  higher  noisture  contents   showed  increased  losses 
of  ascorbic  acid.     After  16  weeks'    storage,    the  3.8  per  cent   sai-iple   retained  80  per 
cent  of  the  vitr;vdn  C;    the  6,7  per  cent   sa:::ple  retained  56  per  cent;    p^-.d  the  8,4  per 
cent    cniiplo   rotained  only  35  ijor  cent. 

The  do.ta  on   the   low  noisture   sa'.'.plcs  held  in   carbon  dioiddc  are  as  yet  incor.m 
plete.      In  the  others,    there  v/crc   sorie   color  changes,    the  palatability  was  only 
fair,    and  the  ascorbic   acid   losses  '/ere   large. 

There  was  very  little  difference  betv;een  the   sm^pl^s   stored  in  oxygen  and  the 
s^nples   stored  in  elXt    except   that   in  oxygen  the   lev:  inoisturc   content    saX-iples  lost 
noro  ascorbic  acid  tha,n  those  in  air.      In  the  higher  noisturo  content    spj-iplcs,    there 
v;as  little  difference  between  rlr  and  oxygen   storage, 

(Tables  12  to   15  inc.) 

Svzcot  potatoes  stored  in  sLir  retained  their 'color  veil-  at  the  end  of;  8 -weeks, 
where  the   sanple  contained  but  5  per  cent  r-.oisture.     At  9  per  cent  noisture,    there 
was  no    chpjnge  in  a  nonth,    ana  v;hcre   the  noisture  was   ra.isod  to    12  per  cent,  ^  the 
sanplo  noldod. 

In  the   low  :)oisture   sar;.plcs   stored  in  air,    palatability  ronained  unchanged 
after  8  weeks,    and  the   carotene  had  dropped  fron  19,3  ng,/l00  gns,    to   15,4  ng,/lOO 
gns.,    a  retention  of  80  per   cent.      There  was  no   change  in   the  .ascorbic   acid. 

At  9  per  ccnfnCisture  content,    the  carcJtcnc  rctcnti'oi'i' was  70  per  cent,   but 
the  ascorbic  acid  fell  fron  25,5  to  9,5  ngc/lOO  gns, ,    about  one-third   retention. 
There  was   sooe  riboflavin   loss  in  all  the   srxiples,    rsA  the  thiar.iin  results  are  in- 
conclusive.     It  nust  be   ronenbcred   that   the  present  nethods  for  deteriining   such 
s-uall  auouiits  of  thinnin  and   riboflavin  arc  not   accurate  mtliin  20  per  cent   -^nd 
perhaps  no  re.      Frequent  duplicates  v/ere  ranj    pjid  in  sone  cases  checks  v;cro  nade  by 
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incleporidont   Inoor-^.torics, 

In  nitro{];Gr.,    none  of  the   s'Ui'oles   shov/ofl  nr.rkcc'.   colox'  chrrioics.      There  vms  r. 
definite   loss  of  pn-latf-TDilit" '  out  incx'Onsod  noisturc   content  did  not  incre'^-SG  this 
change.      Carotene  retention  vrrs  a'bout  80  per  cent  in  -^11   sru-^ples,    re.sardless  of 
noisturc   content.     Ascorbic  acid  v;as  not   rtna  on  this   est. 

In  carTaon  dioxide,    the   color  retention  v/as  aocut   the   s.-^J-ie   rs  in  nitrOiscn; 
palataoilitv  was  unchaiised  in 'the   lov;  noisture   content   sr^J-vples,    hut  vras  lowered  in 
the  other   spj.iples  fron  good  to   fair.      Carotene   retention  was   ahout  the   sai-ic  p„s  in 
the   spj.iplcs   stored  in  nitro.~en,     Ascorhic   acid  reurlncd  the   smie  in  the   tv.ro   lots, 
"but    sone   of  the   results  viere   out  of  line.      In  the  hijjh  noisturc   content   srtT-iplcs 
(12  per  cent),    there  v/p.s  a  56  per  cent   retention  of  carotene,      Thirriin  and  riho- 
flavin  did  not   change. 

In  ozci^-^-^en,    the  color  ch?j.ir;es  wore  not  L-tarked,    "but   the  palatahility  was  lowered; 
in   the   lev;  noisture   £aj.:;:^le   there  v;as  a  loss  of  over  half  the   carotene  in  16  weeks. 

Svrraarizing  ver;.'  hricfl^,    carrots   should  he  varied  dov^-n  to  5  -per  cent  noisturc, 
or  lovjer,    rnd  packed  in  either  caroon  dio;ado  or  nitrogou,      The  oatinc,;  quality  of 
those   stored  in   carhon  dioxide  is  hotter,    hv.t   carotene   retention  is  hotter  in 
ni  t  ro  c;on. 

With  cahha^e,    there  is  little   choice  hetvjocn  storacoC  in  nitre tjen,    carbon 
diorddc  and  air,    except   that  ascorhic' acid  retention  is  firoator  in  the  nitrogen- 
stored   sai-iples, 

Dch;,nirated  sv;ect  potatoes  keep  v/ell  if  dried  dov.(n  to   5  per  cent  noisture,    hut 
show  less  effect   fror.i  hii;her  .noisturc  thrji  do   carrots  or  cahha^e,   Palatahility  is 
f.air  v/hen   stored  up   to   ei^ht  weeks  and  carotene   retention  is  r;ood. 

The   final  tahle    (Tp."o1c   16)   is  in  rcoponse   to  nany  inquiries  we  have   received. 
It   shov;s  the  nnountof  dehydrated  vc^:ctahlcs  necessary  to  produce  1  po-jnd  of  the 
rohydrated  prodt^ct,      Rol'i;''dration  v/as  dcterr.iincd  hy  soaking  uiitil  the  product  had 
taken  up   all  the  water  it   couM  ahsorh.      This  usually  cxio^ontcd  to   ahout  80  per  ;cent 
of   the  orir;inal   coi^tont.      The   resulto  vary  sonowliat  hv.t   the  fi^^jires  are  a  fair  avor^ 
age, 

Tahle   16  -  Ar.iovxnt   of  Dehydrated  Vegetahles  (containing  ahout  sfa  noisturc) 

required  to  produce  one  pound  of  rch;'"drn.ted  product, 

Anoijmt   rcq.uircd  to  produce 
Connoditv 1  Ih.    rohydrated  product 

Beets 

Cahhage 

Carrots 

Chard 

Kale 

Mustard  C-reens 

Onions 

Sweet  Potatoes 

\«rhitc  Potatoes 

•Spinach 

Tumi-Qs 


2.4 

ounces 

1,5 

3,3 

2.9 

2,8 

2.8 

5.2 

3.7 

2,3 

5,0 

